Key indicators: single-crystal X-ray study; T = 298 K; mean (C-C) = 0.002 Å; R factor = 0.029; wR factor = 0.090; data-to-parameter ratio = 32.2.
Experimental
Crystal data Data collection: APEX2 (Bruker, 2009 ); cell refinement: SAINT (Bruker, 2009 ); data reduction: SAINT; program(s) used to solve structure: SHELXS97 (Sheldrick, 2008 ); program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) ; molecular graphics: SHELXTL (Sheldrick, 2008) ; software used to prepare material for publication: SHELXTL and local procedures. Cyclophosphamide, a nitrogen mustard alkylating agent, is widely used as an anti-cancer agent. It is converted in the liver to its active form, which is dependent on cytochrome P450 metabolism for its therapeutic effectiveness. During the process of metabolism, a toxic byproduct, acrolein is generated and induces hemorrhagic cystitis. Many cyclophosphamide analogues were developed to reduce this side effect and to find more potent anti-cancer drugs. The title compound is used as an important precursor for the synthesis of cyclophosphamide and its analogues.
In the title molecule (I) (Fig. 1) , all bond lengths and angles are within normal ranges and correspond to those observed in related compounds. Atoms C3, N1, P1 and O1 are nearly coplanar, with a dihedral angel of 175.23 (10)° between the C3-N1-P1 and N1-P1-O1 planes. Angles for C3-N-P, P-N-C1 and C1-N-C3 are 120.57 (9)°, 121.02 (9)° and 118.04 (11)°, respectively. It is interesting to notice that two 2-chloroethyls are not symmetry-related, the torsion angle of N1-C1-C2-Cl3is 64.57 (15)°, but the torsion angle of N1-C3-C4-Cl4 is 175.62 (10)°. Although the current compound is conformationally flexible, twist conformation isomers form on closing the phospho-heterocycle, as, for example, in cyclophosphamide (Borch et al., 1991) .
Bis(2-chloroethyl)amine hydrochloride (20.0 g, 0.112 mol) was added dropwise into a 250 ml round bottom bottle containing POCl 3 (52 ml, 0.6 mol). Then the mixture was refluxed for 20 h at 110 °C. The disappearance of solid bis(2-chloroethyl)amine hydrochloride indicated completion of the reaction. To remove excess POCl 3 , reduced vacuum was used. The crude were dissolved into ethyl acetate and the precipitate was filtered off. The filtrate was concentrated in vacuo and the resulting residue was recrystallized with acetone and hexane (v/v = 1:5), giving white crystals (18.0 g) in a yield of 61%. Single crystals for X-ray diffraction were grown at room temperature by slow evaporation from the solution of the title compound in ethanol.
Refinement
The H-atoms bonded to C-atoms were positioned geometrically and refined using a riding model, with C-H = 0.93 Å, and with U iso (H) = 1.2 U eq (C).
Computing details
Data collection: APEX2 (Bruker, 2009 ); cell refinement: SAINT (Bruker, 2009 ); data reduction: SAINT (Bruker, 2009);  program(s) used to solve structure: SHELXS97 (Sheldrick, 2008 ); program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) ; molecular graphics: SHELXTL (Sheldrick, 2008) ; software used to prepare material for publication:
SHELXTL (Sheldrick, 2008) and local procedures. ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger. 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (

